Ligand-induced conformational transitions in Escherichia coli phosphofructokinase 2: evidence for an allosteric site for MgATP2-.
The binding of ligands to phosphofructokinase 2 (Pfk-2) from Escherichia coli induces changes in the fluorescence emission properties of its single tryptophan residue, Trp88, suggesting that upon binding the protein undergoes a conformational change. This fluorescence probe was used to determine the presence of an allosteric site for MgATP2- in the enzyme. Fructose 6-phosphate (fructose-6-P), the first substrate that binds to the enzyme with an ordered bi-bi mechanism, increases the fluorescence up to 30%. The saturation curve for this compound is hyperbolic with a Kd of 6 microM. The titration of Pfk-2 with MgATP2- causes a quenching of fluorescence of about 30% of its initial value, with a blue shift of 7 nm in the emission maximum. The response is cooperative with a Kd of 80 microM and a Hill coefficient of 2. The interaction of MgATP2- cannot take place at the active site in the absence of fructose-6-P, due to the ordered kinetic mechanism. Addition of compounds that bind to the catalytic site of Pfk-2, such as ATP4- or Mg-AMP-PNP, did not produce significant changes in the fluorescence spectrum of Trp88. However, in the absence of Mg2+, the addition of ATP4- to the enzyme-fructose-6-P complex shows a hyperbolic increase of fluorescence of 8%. Acrylamide steady-state quenching experiments for different enzyme-ligand complexes of Pfk-2, indicate that the tryptophan in the enzyme-MgATP2- complex is exposed to a much smaller extent to the solvent than in the free enzyme or in the enzyme-fructose-6-P complex. The effect of the binding of fructose-6-P or MgATP2- on the polarization fluorescence of the emission of Trp88 in Pfk-2 indicates changes in the local mobility of the Trp88 in both enzyme complexes. The average lifetime for Trp88 in Pfk-2 was found to be unusually large, approximately 7.7 ns, and did not vary significantly with the ligation state of the enzyme, which demonstrates that the quenching or enhancement of fluorescence induced by the ligands is mainly due to the complex formation with Pfk-2. These results demonstrate the presence of an allosteric site for MgATP2- in Pfk-2 from E. coli, responsible for the inhibition of the enzyme activity by this ligand.